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© Antilock brake control apparatus. 

© Actuators includes on/off valves adjust the wheel 
cylinder pressure. Provided are wheel speed detec- 
tors (So-S 3 ) for detecting the speed of each wheel, a 
wheel speed and estimated vehicle speed calculator 
(CAL) for calculating the wheel and vehicle behavior, 
and a locking symptoms detectors (L0-L3) for detect- 
ing wheel locking symptoms and recovery therefrom. 
A target pressure setting means (PCAL0-PCAL3) that 
sets the target pressure, which is the estimated 
value of the wheel cylinder pressure during antilock 
brake control, based on the wheel cylinder pressure 
at the locking symptoms detection edge is also 
provided. A pressurization signal setting means 
(OUT0-OUT3) for setting the pressurization signal 
(Sj) used to drive the actuators based on the target 
pressure is also provided. An antilock brake control 
apparatus reduces the effects of pressure pulsations 
caused by on/off valve operation, and thus enables 
high precision pressure control, is provided. 
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BACKGROUND OF THE INVENTION 

1 . Field of the invention 

The present invention relates to an antilock 
brake control apparatus, and more specifically to 
an antilock brake control apparatus that adjusts the 
wheel cylinder pressure by means of an actuator 
comprising an on/off valve. By applying open-loop 
control of the wheel cylinder pressure, the pulsat- 
ing effects of the on/off- type valve can be reduced 
and the wheel cylinder pressure can thus be con- 
trolled with high precision. 

2. Description of the prior art 

In an antilock brake control apparatus accord- 
ing to the prior art, wheel skidding is detected from 
the acceleration and deceleration of the wheels and 
the relationship between the detected wheel speed 
and the estimated vehicle speed. The wheel cyl- 
inder pressure is then adjusted according to the 
skidding of the detected wheel to maintain wheel 
skidding to an appropriate level, i.e., within a limit- 
ed range of the peak friction coefficient of the road 
surface. This control process makes it possible to 
shorten the total braking distance and maintain 
vehicle and steering stability. 

Antilock brake control systems of this type 
generally use a solenoid valve or other valve as an 
on/off valve to regulate brake pressure. As a result, 
the de/pressurization characteristics of the wheel 
cylinder pressure relative to the operating (opening 
and closing) time of the on/off valve vary according 
to an exponential function because the 
increase/decrease characteristics of the wheel cyl- 
inder pressure depend upon the current wheel cyl- 
inder pressure and the pressure differential be- 
tween the master cylinder pressure and the wheel 
cylinder pressure. It is therefore necessary to de- 
termine as precisely as possible the change in the 
wheel cylinder pressure in order to control the 
wheel cylinder pressure with high precision. 

However, because of the high pressure pulses 
accompanying operation of the on/off valve, it is 
extremely difficult to control the wheel cylinder 
pressure with high precision insofar as the on/off 
valve control signal is output within a closed-loop 
process based on sequential comparison of the 
actual wheel cylinder pressure and the target wheel 
cylinder pressure. In other words, the wheel cyl- 
inder pressure may fluctuate along a high am- 
plitude wave due to the pulses resulting from valve 
operation. As a result, the wheel cylinder pressure 
measured by the pressure detection means moun- 
ted on the wheel cylinder at any given point during 
antilock brake control may not accurately express 
the precise actual wheel cylinder pressure at that 



time. It is therefore difficult to precisely control 
wheel cylinder pressure and braking by sequential 
comparison of the target and supposed "actual" 
wheel cylinder pressures detected by such pres- 
5 sure detection means. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is 

10 to provide a cost effective antilock brake control 
apparatus for controlling the wheel cylinder pres- 
sure with high precision by applying the control 
signal to the on/off solenoid valve in an open-loop 
control process, or by reducing the reading fre- 

75 quency of the wheel cylinder pressure by the pres- 
sure detection means, without reading the pressure 
measurement of the pressure detection means. 

To achieve this object, the antilock brake con- 
trol apparatus according to the present invention 

20 adjusts the wheel cylinder pressure by means of a 
actuators equipped with on/off valves, and the an- 
tilock brake control apparatus further comprises a 
wheel speed detection means for detecting the 
speed of each wheel; a wheel and vehicle behavior 

25 calculation means for calculating the vehicle and 
wheel behavior, including at least the estimated 
vehicle speed, based on the speed of each wheel 
detected by the wheel speed detection means; a 
locking symptoms detection means for detecting 

30 wheel locking symptoms and recovery from wheel 
locking symptoms based on the wheel and vehicle 
behavior calculated by the wheel and vehicle be- 
havior calculation means; a target pressure setting 
means for setting the target pressure, which is the 

35 estimated value of the wheel cylinder pressure 
during antilock brake control, based on the wheel 
cylinder pressure at the locking symptoms detec- 
tion edge; and a pressurization signal setting 
means for setting the pressurization signal used to 

40 drive the actuator based on the target pressure. 

More specifically, the target pressure setting 
means sets the pressurization command width, 
which is the magnitude of the increase or decrease 
in the wheel cylinder pressure, at each control 

45 cycle based on the wheel and vehicle behavior 
calculated by the wheel and vehicle behavior cal- 
culation means, calculates the integrated value of 
the pressurization command width, and defines the 
target pressure at each control cycle as the sum of 

so the wheel cylinder pressure at the locking symp- 
toms detection edge and the integrated value of 
the pressurization command width. 

Furthermore, the pressurization signal setting 
means preferably sets the pressurization signal 

55 based on the target pressure and the pressurization 
command width. 

It is further preferable for the antilock brake 
control apparatus to comprise a fluid pressure de- 
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tection means for detecting the fluid pressure of 
each wheel cylinder, and for the target pressure 
setting means to define the wheel cylinder pres- 
sure at the locking symptoms detection edge as 
the pressure detected by the fluid pressure detec- 
tion means. 

Alternatively, the target pressure setting means 
may set the wheel cylinder pressure at the first 
locking symptoms detection edge to the equivalent 
pressure at which locking symptoms occur on a 
high friction coefficient road surface, and set the 
wheel cylinder pressure at the second and subse- 
quent locking symptoms detection edges to the 
target pressure current at that time. 

In this case, the target pressure setting means 
may adjust the wheel cylinder pressure at the first 
locking symptoms detection edge according to the 
time from the first locking symptoms detection 
edge until the wheel speed and vehicle speed are 
again synchronized, or according to the time from 
the first locking symptoms detection edge until a 
time when the pressure decrease detection is ac- 
quired. 

Additionally in this case, the pressurization sig- 
nal setting means sets the pressurization signal 
based on the wheel and vehicle behavior calculated 
by the wheel and vehicle behavior calculation 
means, and the target pressure setting means sets 
the pressurization command width from the pres- 
surization signal set by the pressurization signal 
setting means, calculates the integrated value of 
the pressurization command widths, and sets the 
target pressure at each control cycle to the sum of 
the wheel cylinder pressure at the locking symp- 
toms detection edge and the integrated value of 
the pressurization command widths for a predeter- 
mined time after the start of antilock brake control. 

The predetermined time used here is defined 
as the time from the first locking symptoms detec- 
tion edge until the wheel speed and vehicle speed 
are again synchronized for a period, or the time 
from the first locking symptoms detection edge 
until a time when the pressure decrease detection 
is acquired. 

In this case, the target pressure setting means 
detects a split road surface, which is defined as a 
road surface where the difference between the 
friction coefficients on right and left sides is great. 
When the vehicle is thus detected to be on a split 
road surface, the pressurization signal setting 
means sets the pressurization signal of the front 
wheel on the high friction coefficient side to a 
gradual increase level for the period from the lock- 
ing symptoms detection edge until the wheel 
speed and estimated vehicle speed are again syn- 
chronized. The target pressure setting means also 
sets the pressurization command width from the 
pressurization signal set by the pressurization sig- 



nal setting means, calculates the integrated value 
of the pressurization command widths, and defines 
the target pressure at each control cycle as the 
sum of the wheel cylinder pressure at the locking 

5 symptoms detection edge and the integrated value 
of the pressurization command width. 

An antilock brake control apparatus according 
to the present invention as described above does 
not require a closed-loop process to control the 

70 actuator, and is not affected by fluid pressure pul- 
sations caused by on/off valve operation while 
comparing the target and actual wheel cylinder 
pressures at each control cycle because of the 
target pressure setting means (which sets the tar- 

75 get pressure (which is the estimated wheel cylinder 
pressure during antilock brake control) based on 
the wheel cylinder pressure at the locking symp- 
toms detection edge) and the pressurization signal 
setting means (which sets the pressurization signal 

20 used to drive the actuator based on the target 
pressure). 

In addition, the fluid pressure detection means, 
which is used to detect the wheel cylinder pres- 
sure, is not necessary when the wheel cylinder 

25 pressure at the first locking symptoms detection 
edge after antilock brake control starts is set to the 
pressure corresponding to the pressure when lock- 
ing symptoms develop on a high friction coefficient 
road surface, and the wheel cylinder pressure at 

30 the second and subsequent locking symptoms de- 
tection edges is set to the target pressure current 
at that time. 

In this case, the target pressure rapidly con- 
verges to the actual pressure when the wheel cyl- 

35 inder pressure at the first locking symptoms detec- 
tion edge is adjusted according to the time from 
the first locking symptoms detection edge to the 
time when the wheel speed is again synchronized 
with the estimated vehicle speed, or according to 

40 the time from the first locking symptoms detection 
edge until a time when the pressure decrease 
detection is acquired. 

Furthermore, when the pressurization signal is 
set according to the wheel and vehicle behavior 

45 during the period from the first locking symptoms 
detection edge after antilock brake control starts to 
the time when the wheel speed is again synchro- 
nized with the estimated vehicle speed (or from the 
first locking symptoms detection edge until a time 

so when the pressure decrease detection is acquired), 
the target pressure rapidly converges to the actual 
pressure even when the difference between the 
actual pressure and the target pressure, (which is 
the pressure corresponding to the pressure when 

55 locking symptoms develop on a high friction coeffi- 
cient road surface and is set as the wheel cylinder 
pressure at the first locking symptoms detection 
edge after antilock brake control starts) is great. 
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In addition, if the pressurization signal for the 
front wheel on the high friction coefficient side is 
set to a gradual increase level when the vehicle is 
detected to be on a split road surface, which is 
defined as a surface with a great difference be- 
tween the road surface friction coefficients on right 
and left sides of the vehicle, sufficient braking 
control and driving stability can be maintained even 
on such split road surfaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully 
understood from the detailed description given be- 
low and the accompanying diagrams wherein: 
Fig. 1 is a block diagram of the connections and 
components of an antilock brake control appara- 
tus according to the first embodiment of the 
invention, 

Fig. 2 is a block diagram of the signal processor 
in the first embodiment, 

Fig. 3 is a graph of the pressure characteristics 
of an on/off valve, 

Fig. 4 is a graph of the relationship between the 

wheel cylinder pressure and depressurization 

width to depressurization time, 

Fig. 5 is a flow chart of the operation of the first 

embodiment, 

Fig. 6 is a flow chart of step #4 in Fig. 5, 
Fig. 7 is a flow chart of step #4 in Fig. 5, 
Fig. 8 is a flow chart of step #5 in Fig. 5, 
Fig. 9 is a flow chart of step #7 in Fig. 5, 
Fig. 10 is a graph of the control process accord- 
ing to the first embodiment of the invention, 
Fig. 11 is a flow chart used to describe the 
operation of the second embodiment, 
Fig. 12 is a graph of the relationship between 
the target pressure and real pressure in the 
second embodiment, 

Fig. 13 (A), (B), and (C) are flow charts used to 
describe the operation of the third embodiment, 
Fig. 14 is a flow chart used to describe the 
operation of the fourth embodiment, 
Fig. 15 is a flow chart of step #71 in Fig. 14, 
Fig. 16 is a graph of the control process accord- 
ing to the fourth embodiment of the invention, 
Fig. 17 is a flow chart used to describe the 
operation of the fifth embodiment, 
Fig. 18 is a flow chart of step #91 in Fig. 17, 
Fig. 19 is a graph of the control process accord- 
ing to the fifth embodiment of the invention, and 
Fig. 20 is a block diagram of an alternative 
embodiment of the invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The preferred embodiments of the present in- 
vention are described hereinbelow with reference 



to the accompanying figures. 

The antilock brake control apparatus according 
to the first embodiment of the invention as shown 
in Figs. 1 and 2 is for use on a four wheel motor 
5 vehicle. In this antilock brake control apparatus, an 
inlet valve 3A, 3B, 3C, 3D is positioned between 
each wheel cylinder 2A, 2B, 2C, 2D (at left and 
right front, and left and right rear wheels, respec- 
tively) and the master cylinder 1. Each of the inlet 

w valves is an on/off-type solenoid valve. The brake 
fluid is returned from the wheel cylinders 2A - 2D 
through the corresponding outlet valves 4A - 4D 
(which are also on/off-type solenoid valves) and 
pump motor 6 to the master cylinder 1 via the 

75 return line 7. Note the buffer chamber 8 placed in 
the return line 7 between the outlet valves 4A - 4D 
and the pump motor 6. 

The wheel speed detection means So, Si , S2, 
S3 detect the speed of the left and right front, and 

20 left and right rear wheels, respectively, and output 
the detected speed as the wheel speed signal to 
the signal processor 10, which is described below. 
The fluid pressure detection means PSo, PS1 , PS2, 
PS3 detect the fluid pressure in each of the wheel 

25 cylinders 2A - 2D, respectively, and output the 
detected fluid pressure as fluid pressure signals 
PSNSj (where i is the value 0, 1 , 2, or 3 cor- 
responding to and indicating the left and right front, 
and left and right rear wheels, respectively) to the 

30 signal processor 10. 

The signal processor 10 is a microcomputer 
comprising, as shown in Fig. 2, the wheel and 
vehicle behavior calculation means CAL, locking 
symptoms detection means l_o, U , L 2 , and L3, 

35 target pressure setting means PCAU, PCAU , 
PCAL 2 , and PCAL3, and the pressurization signal 
setting means OUT 0 , OUT1 , OUT 2 , and OUT 3 . The 
signal processor 10 processes the wheel speed 
signals and the fluid pressure signals PSNSj to 

40 output the pressurization signals Si to the actuators 
ACTo, ACTi, ACT 2 , and ACT 3 . The actuators ACT 0 
- ACT 3 are each equipped with one inlet valve 3A - 
3D and outlet valve 4A - 4D. 

The wheel and vehicle behavior calculation 

45 means CAL calculates the wheel speed SPEEDj of 
each wheel as an expression of both wheel and 
vehicle behavior, the wheel acceleration d/dt- 
(SPEEDj), the second order derivative d 2 /dt 2 - 
(SPEEDj) of the wheel speed SPEEDj, and the 

50 estimated vehicle speed VREF according to meth- 
ods of common knowledge based on the wheel 
speed signals input from the wheel speed detection 
means So - S3. 

The wheel and vehicle behavior calculation 

55 means CAL also compares the wheel speed 
SPEEDj with the estimated vehicle speed VREF to 
determine a synchronization state when the wheel 
speed SPEEDj is approximately equal to 
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(synchronized with) the estimated vehicle speed 
VREF, and an asynchronization state when there is 
a significant difference between these compared 
values. 

In this first embodiment of the invention, the 
synchronization state is specifically defined by 
equation [1] below. 

VREF - SPEEDj < VREF/64 +1 [1] 

When equation [1] above is true, a synchro- 
nization state is determined to exist, and the syn- 
chronization flag SYFLGj is set to "0." 

When the synchronization flag SYFLGj is "0" in 
the preceding control cycle, the locking symptoms 
detection means Lo - L 3 add "1" to the synchro- 
nization timer SYTMRj. The synchronization timer 
SYTMRj is used to track how long the synchroniza- 
tion state continues. If, however, the synchroniza- 
tion flag SYFLGj is "1" in the preceding control 
cycle and equation [1] above is true in the current 
control cycle, the locking symptoms detection 
means U - L 3 clear the synchronization timer 
SYTMRj. It is to be noted that the maximum value 
of the synchronization timer SYTMRj is 255. 

When either equation [2] or [3] below is true, 
the locking symptoms detection means U - L3 
determine detection of locking symptoms. 

VREF - SPEEDj > VREF/16 + 3 

and 

d/dt(SPEEDj) £ -1.5 g [2] 

where g is the acceleration of gravity; or 

VREF - SPEEDj £ VREF/2 + 5 

and 

d/dt(SPEEDj) £ 0 [3] 

In other words, when the difference between 
the wheel speed SPEEDj and estimated vehicle 
speed VREF is* not significantly great but the wheel 
deceleration d/dt(SPEEDj) is high, or when wheel 
deceleration d/dt(SPEEDj) is not significantly great 
but the difference between the wheel speed 
SPEEDj and estimated vehicle speed VREF is 
great, the locking symptoms detection means U - 
L 3 return a "locking symptoms detected" result. 

When the presence of locking symptoms is 
thus detected, the locking symptoms detection 
means U - L 3 set the control request REQ S to 
"decrease," and set the synchronization flag 
SYFLGj to "1." When locking symptoms are not 
detected, however, the control request REQj is set 



to "increase" or "increase" depending on how long 
the synchronization state has continued. 

When the locking symptoms detection means 
l_o - L 3 detect a shift from the synchronization state 

5 to a locking symptoms state, i.e., the locking symp- 
toms detection edge, the fluid pressure signals 
PSNSj for the wheel cylinders 2A - 2D detected by 
the fluid pressure detection means PSo - PS3 are 
read as the wheel cylinder pressure PL ( at the 

10 locking symptoms detection edge. 

The target pressure setting means PCALo - 
PCAL3 sets the pressurization command width DPj, 
which is the amount of increase/decrease of the 
wheel cylinder pressure at each control cycle, 

rs based on the wheel and vehicle behavior calculated 
by the wheel and vehicle behavior calculation 
means CAL at each control cycle, and sets the 
target pressure PTj (which is the estimated wheel 
cylinder pressure) based on the pressurization 

20 command width DPj and the wheel cylinder pres- 
sure PLj at the locking symptoms detection edge. 

When the control request REQj is "decrease," 
the target pressure setting means PCALo - PCAL 3 
sets the pressurization command width DPj to 

25 "rapid decrease" if either equation [4] or [5] below 
is true. If neither equation is true, the pressurization 
command width DPj is set to "gradual decrease." 

d 2 /dt 2 (SPEEDj) ^ -2 g 

30 

and 

d/dt(SPEEDj) £ 0 [4] 
35 or 

d/dt(SPEEDj) ^ -6 g 
and 

40 

d 2 /dt 2 (SPEEDj) S 0 [5] 

In other words, the target pressure setting 
means PCALo - PCAL 3 determine whether gradual 
45 or rapid decrease is appropriate based on the first 
and second order differentials of the wheel speed 
SPEEDj. 

In addition, the target pressure setting means 
PCALo - PCAL3 set the pressurization command 
so width DPj to DPj = -10 (bar) when the control 
request REQj is "rapid decrease," but set the pres- 
surization command width DPj by calculating equa- 
tion [6] when the control request REQj is "gradual 
decrease." 

55 

DP; = d/dt(SPEEDj) + d 2 /dt 2 (SPEEDj) [6] 

When the control request REQj is "increase," 
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the target pressure setting means PCAU - PCAL 3 
sets the pressurization command width DPj to 
"rapid increase" if equation [7] below is true. If 
equation [7] below is not true, the pressurization 
command width DPj is set to a "gradual increase" 
rate based on the synchronization timer SYTMRj. 

IDPj < Ki • IDPMNj 

and 

SYFLGj = 0 [7] 

where IDPj is the integrated value of the pres- 
surization command width DP ( from the locking 
symptoms detection edge, IDPMNj is the minimum 
integrated value IDPj, and Ki is a constant deter- 
mined by the vehicle type and other conditions. 

In the first embodiment of the invention, the 
target pressure setting means PCAU - PCAL 3 sets 
the pressurization command width DPj to DPj = 6 
(bar) when "rapid increase" is required. When 
"gradual increase" is required, the pressurization 
command width DPj is set to a "first gradual in- 
crease" by calculating equation [8] if a synchro- 
nization state exists. If a synchronization state does 
not exist, the pressurization command width DPj is 
set to a "second gradual increase" of DPj = 0.5 
(bar). 

DPj = 0.5 + SYTMRj/128 [8] 

The target pressure setting means PCALo - 
PCAL 3 also provide a minimum pressurization 
command width DPj for when the control request 
REQj is "decrease," and resets the pressurization 
command width DPj to this minimum value when 
the above operation would otherwise set the pres- 
surization command width DP S below the minimum. 
This is because of the on/off solenoid valves used 
for the inlet valves 3A - 3D and the outlet valves 4A 
- 4D. Specifically, as shown in Fig. 3, the relation- 
ship between the target pressure PT f and the valve 
operating time t is defined by an exponential func- 
tion, and when decrease in any given target pres- 
sure PTj is completed during control cycle time 
AT, decrease width greater than the pressure drop 
DP' during this control cycle time AT is not possi- 
ble. 

More specifically, if the equation 
DP, < K 2 • (-PT) [9] 

is true when the pressurization command width DPj 
is a decrease signal in this first embodiment, then 
the pressurization command width DPj is set to 

DPj = K 2 • (-PT) [10] 



where K 2 is a constant value determined by the 
characteristics of the brake system. 

The target pressure setting means PCALo - 

5 PCAL 3 also calculate the integrated value of the 
pressurization command width DP f from the locking 
symptoms detection edge, specifically the integrat- 
ed value IDPj defined by equation [11], and the 
minimum IDPMNj integrated value IDPj each con- 

10 trol cycle. 

IDPj = / DPj. [11] 

When IDPj < -PL, IDPj is forcibly set to -PL. 
75 The target pressure setting means PCALo - 

PCAL 3 also calculate the target pressure PTj, which 
is the estimated wheel cylinder pressure, each 
control cycle using equation [12]. 

20 PTj = PLj + IDPj [12] 

where PLj is the wheel cylinder pressure at the 
locking symptoms detection edge as described 
above, and the target pressure PTj is the sum of 

25 the wheel cylinder pressure PL } at the locking 
symptoms detection edge and the integrated value 
IDPj of the pressurization command width DPj. 

In the first embodiment of the invention, the 
fluid pressure signals PSNSj, which represent the 

30 actual wheel cylinder pressure detected by the 
fluid pressure detection means PSo - PS 3 , are 
defined as the wheel cylinder pressure PLj values. 

The pressurization signal setting means OUT 0 - 
OUT 3 set the pressurization signal Sj according to 

35 the control request REQj. 

When the control request REQj is "decrease," 
the pressurization signal setting means OUT 0 - 
OUT 3 sets the dump time t dump , which is the time 
during which the outlet valves 4A - 4D of the 

40 actuators ACT 0 - ACT 3 are open and the inlet 
valves 3A - 3D are closed, according to equation 
[13]. 

tdump = -DPj • L/PTj [13] 

45 

The dump time t dump is set by equation [13] 
using the relationship shown in Fig. 4, i.e., if the 
relationship between the decrease width AP and 
the target pressure PT for a given dump time t dum p 
so is obtained, the decrease width AP is proportional 
to the target pressure PTj for each dump time 

tdump- 

The hold time t h0 | d for holding the outlet valves 
4A - 4D and inlet valves 3A - 3D of the actuators 
55 ACTo - ACT 3 closed when the control request 
REQj is "decrease" is obtained from equation [14]. 

thoid = AT - t dump [14] 
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The apply time t app)y for opening the inlet 
valves 3A - 3D and closing the outlet valves 4A - 
4D of the actuators ACT 0 - ACT 3 when the control 
request REQj is "increase" is set equivalent to the 
control cycle time AT, and the hold time t- ho id is 
obtained from equation [15]. 

t h oid = AT • (AP/DPj-1) [15] 

In other words, when the wheel cylinder pres- 
sure is to be decreased, pressure increase is main- 
tained for a period equivalent to the control cycle 
time AT at every nth control cycle in this first 
embodiment. 

Also in the first embodiment, the pressurization 
command width DPj is set to 127 (bar), the pres- 
surization signal Sj sets the hold time t h0 | d to 0, and 
the apply time t ap piy to the maximum value (255) of 
the synchronization timer SYTMRj when the control 
request REQj is "end increase." 

Thus, the pressurization signal setting means 
OUTo -OUT 3 set the pressurization signal S f based 
on the target pressure PTj and the pressurization 
command width DP i( and the pressurization signal 
Si is expressed as a function of the target pressure 
PTj and the pressurization command width DP; as 
shown by equation [16] below. 

Si = SjfPTj.DPj) [16] 

The pressurization signal Sj whereby the apply 
time t a ppi y , dump time t dump , and hold time t hotd are 
determined, is output to the actuators ACT 0 - 
ACT 3 . In a increase state, the inlet valves 3A - 3D 
are opened and closed according to the pressurize 
time t app iy and hold time t h0 id. and the outlet valves 
4A - 4D are closed. In a decrease state, the outlet 
valves 4A - 4D are opened and closed according to 
the dump time t dump and hold time t h0 i d , and the 
inlet valves 3A - 3D are closed. 

In this first embodiment, the actual wheel cyl- 
inder pressure detected by the fluid pressure de- 
tection means PS 0 -PS3 is read and set as the 
target pressure PTj at each control cycle only at 
the locking symptoms detection edge, the pres- 
surization signal is output to the actuators ACT 0 - 
ACT 3 in an open-loop control so the actual wheel 
cylinder pressure (actual pressure) tracks the target 
pressure PTj, and the brake pressure at each of the 
wheel cylinders 2A - 2D is thus controlled. 

The operation of the signal processor 10 is 
described next with reference to the flow charts in 
Figs. 5 - 9. 

The first steps (steps #1, #2, and #3 in Fig. 5) 
are to calculate each wheel speed SPEEDj by 
processing the wheel speed signals from each of 
the four wheel speed detection means So - S3 - 



(step #1), calculate the estimated vehicle speed 
VREF (step #2), and read the fluid pressure signals 
PSNSj from the fluid pressure detection means 
PS 0 - PS 3 . 

5 Whether a synchronization state exists is then 

evaluated, and any wheel locking symptoms or 
recovery therefrom are detected (step #4). These 
processes are described in detail in Figs. 6 and 7. 
The synchronization flag SYFLGj in the preced- 

70 ing control cycle is read first (step #11). If the 
synchronization flag SYFLGj is M 0" (i.e., a synchro- 
nization state existed during the preceding control 
cycle), the synchronization timer SYTMRj is incre- 
mented by one at the next step (#12). If, however, 

75 the synchronization flag SYFLGj is "1" (i.e., a syn- 
chronization state did not exist during the preced- 
ing control cycle), equation [1] is evaluated at step 
#13 to determine whether a synchronization state 
now exists. If a synchronization state is determined 

20 to now exist in step #13, the synchronization flag 
SYFLGj and synchronization timer SYTMRj are 
cleared in steps #14 and #15, respectively. 

At the first step (step #16, Fig. 7) in the locking 
symptoms detection process, the presence of any 

25 locking symptoms is evaluated based on equations 
[2] and [3]. If locking symptoms are detected, the 
control request REQj is set to "decrease" in step 
#17. 

The synchronization flag SYFLGj is then 

30 checked at step #18. If at step #18 the synchro- 
nization flag SYFLGj is "0," then the locking symp- 
toms detection edge is detected because a syn- 
chronization state existed until the preceding con- 
trol cycle and locking symptoms have been de- 

35 tected in the current control cycle. As a result, the 
fluid pressure signal PSNSj read in step #3 is 
defined as the wheel cylinder pressure PLj in step 
#19, and the integrated value IDPj of the pres- 
surization command width DPj and the minimum 

40 integrated value IDPMN f are both cleared at step 
#20. The synchronization flag SYFLGj is then set to 
"1" at step #21. 

If at step #18 the synchronization flag SYFLGj 
is "V locking symptoms have not been first de- 

45 tected in this control cycle (it is not a locking 
symptoms detection edge), and the process skips 
directly to step #21 . 

If at step #16 locking symptoms are not de- 
tected, the duration of the current synchronization 

50 state is checked in step #22, and the control re- 
quest REQj is set accordingly. Specifically, if the 
synchronization flag SYFLGj is "0" and the syn- 
chronization timer SYTMRj is £128, the synchro- 
nization state is determined to have continued long 

55 enough for the control request REQj to be set to 
the "end increase" at step #23. If the conditions of 
step #22 are not satisfied, however, the control 
request REQj is set to "increase" at step #24. 
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Returning to Fig. 5, the pressurization com- 
mand width DPj is then set at step #5. The proce- 
dure used to set the pressurization command width 
DPj in step #5 is shown in Fig. 8. 

The pressurization command width DPj is ini- 
tialized to 127 (bar) at step #25 (Fig. 8) corre- 
sponding to the "end increase" control request 
REQj. The pressurization command width DPj is 
then set according to the control request REQj. 

Specifically, if the control request REQj is 
"decrease," the conditions requiring a "rapid de- 
crease" are evaluated at step #27 based on equa- 
tions [4], [5], and [6]. If "rapid decrease" is re- 
quired, the pressurization command width DPj is 
set to rapid decrease at step #28, otherwise the 
pressurization command width DPj is set to gradual 
decrease at step #29. 

If the control request REQj is increase and at 
step #30 the rapid increase conditions are not met, 
the synchronization flag SYFLGj is checked at step 
#32. If the synchronization flag SYFLGj is not "1" 
(i.e., a synchronization state exists), the pressuriza- 
tion command width DPj is set to the first gradual 
increase level based on equation [8] at step #33. If 
the synchronization flag SYFLGj is "1" because an 
asynchronization state exists, the pressurization 
command width DPj is set to the second gradual 
increase level at step #34. 

The value of the set pressurization command 
width DPj is then checked at step #35 based on 
equation [9]. If step #35 is true, i.e., the pressuriza- 
tion command width DPj is less than the minimum 
threshold value, then the pressurization command 
width DPj is reset to (-K • PT) at step #36. 

Returning again to Fig. 5, the integrated value 
IDPj of the pressurization command width DPj is 
next calculated using equation [11] at step #6, and 
the minimum integrated value IDPMNj is also ob- 
tained. The target pressure PTj is also calculated 
from equation [12] in step #6. 

The pressurization signal Sj is then set in step 
#7. This process is shown in Fig. 9. 

The control request REQj is polled at step #37 
(Fig. 9). If the control request REQj is "decrease," 
the dump time t dump is set by applying equation 
[13] and the hold time t h0 id is set by applying 
equation [14] in steps #38 and #39, respectively. 

If, however, step #37 returns NO and the con- 
trol request REQj is "increase" (step #40 returns 
YES), the apply time t ap piy is set equal to the 
control cycle time AT (step #41) and the hold time 
thow 's set by applying equation [15] (step #42). 

If both step #37 and step #40 return NO be- 
cause the control request REQj is "end increase" 
(step #43 returns YES), the apply time t app)y is set 
equal to 255 (step #44) and the hold time t h0 id is 
set to "0" (step #45). 
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After thus setting the dump time t dump , apply 
time t app iy, and hold time t hG | d of the pressurization 
signals Sj, the pressurization signals Sj are output 
to the actuators ACT 0 -ACT 3 (step #8, Fig. 5). 
5 A graph of the various signal values during 

actual antilock brake control operation of an an- 
tilock brake control apparatus according to the first 
embodiment is shown in Fig. 10. 

Referring to Fig. 10, when time t is at a (t = a), 
10 corresponding to the first locking symptoms detec- 
tion edge after the start of antilock brake control, 
the synchronization flag SYFLGj is set to "1," and 
the fluid pressure signals PSNSj from the pressure 
detection means PSj are read as the wheel cylinder 
15 pressure PLj values. 

When t is between a and b (t = a-b), the control 
request REQj is "decrease" and the pressurization 
command width DPj is set to "rapid decrease." The 
pressurization signals S f are thus set by applying 
20 equations [13] and [14] according to the pres- 
surization command width DPj and the target pres- 
sure PTj. 

When t is between b and c (t = b-c), the control 
request REQj is "decrease" and the pressurization 
25 command width DPj is set to "gradual decrease." 
The pressurization signals Sj are thus set by apply- 
ing equations [13] and [14] according to the current 
pressurization command width DPj and the target 
pressure PTj. 

30 When t is between c and d (t = c-d), the control 

request REQj is "increase" but a synchronization 
state does not exist. The pressurization command 
width DPj is therefore set to the "second gradual 
increase" value, and the pressurization signals Sj 

35 are set by applying equation [15] according to the 
current pressurization command width DPj and the 
target pressure PTj. 

When time t is at d (t = d), a synchronization 
state is restored, 

40 When t is between d and e (t = d-e), the pres- 

surization command width DPj is therefore set to 
rapid increase, and the synchronization flag 
SYFLGj to 0. 

When t is between e and f (t = e-f), the pres- 

45 surization command width DPj is set to the first 
gradual pressurization value. 

When t is at f (t = f), the locking symptoms 
detection edge is again detected. The fluid pres- 
sure signals PSNSj indicating the current wheel 

50 cylinder pressure output from the fluid pressure 
detection means PS 0 - PS 3 are thus read as the 
wheel cylinder pressure PLj values, and the same 
control process is repeated. 

As described above, the fluid pressure signals 

55 PSNSj are read as the wheel cylinder pressure PLj 
from the fluid pressure detection means PS 0 - PS 3 
only when locking symptoms are detected in this 
first embodiment, and the target pressure PTj is set 



8 



15 



EP 0 548 881 A2 



16 



based on these values. In other words, the fre- 
quency at which the pressure values output from 
the fluid pressure detection means PS 0 - PS3 are 
read is reduced to achieve an open-loop control 
process in this first embodiment of an antiiock 
brake control apparatus. As a result, this antiiock 
brake control apparatus is not affected by the pres- 
sure pulsations accompanying on/off solenoid valve 
operation, and the wheel cylinder pressure can be 
controlled as desired. 

Fig. 1 1 is a flow chart of the alternative control 
steps characterizing the second embodiment of the 
invention. 

The connections and configuration of the sec- 
ond embodiment are identical to those of the first 
embodiment described above except for the elimi- 
nation of the fluid pressure detection means PSo - 
PS 3 shown in Fig. 1. As a result, the operation of 
this second embodiment is also similar to that of 
the first embodiment except for the elimination of 
step #3 in the Fig. 5 flow chart, and the substitution 
of the process shown in Fig. 11 for the steps 
indicated by the double-dot dash line (1) in Fig. 7. 

When the locking symptoms detection means 
l_o - L 3 detect locking symptoms and the control 
request REQj is set to "decrease" in this second 
embodiment, the synchronization flag SYFLGj is 
polled at step #51. If the synchronization flag 
SYFLGj is "1", i.e., an asynchronization state ex- 
isted also during the preceding control cycle, con- 
trol flows directly to step #21 in Fig. 7. If, however, 
the synchronization flag SYFLGj is "0" because of 
the locking symptoms detection edge, it is deter- 
mined in step #52 whether this is the first locking 
symptoms detection edge. Specifically, if the syn- 
chronization timer SYTMRj test 

SYTMRj£128 [17] 

is true, it is determined that the duration of the 
previous synchronization state continued for a suffi- 
ciently long period, and that the present locking 
symptoms detection edge is the first edge. The 
wheel cylinder pressure PLj is therefore set to the 
pressure corresponding to the locking symptoms 
start pressure on a high friction coefficient road 
surface (step #53). These values may be, for ex- 
ample, 100 (bar) for PLo and PL1 (the left and right 
front wheels), and 60 (bar) for PL 2 and PL 3 (the left 
and right rear wheels). 

However, if equation [17] is not true, the cur- 
rent locking symptoms detection edge is deter- 
mined to not be the first in the current control 
operation, and the target pressure PTj of the pre- 
ceding control cycle is set to the wheel cylinder 
pressure PLj (step #54). 

If at step #51 a synchronization state is de- 
tected (NO is returned), the integrated value IDPj of 



the pressurization command width DPj and the 
minimum integrated value IDPMNj are both cleared 
(step #55). 

In other words, the target pressure setting 
5 means PCALo - PCAL3 in the second embodiment 
set the wheel cylinder pressure at the first locking 
symptoms detection edge after antiiock brake con- 
trol start to the pressure corresponding to the lock- 
ing symptoms start pressure on a high friction 

10 coefficient road surface, but use the current target 
pressure PTj as the wheel cylinder pressure PL S at 
the second and subsequent locking symptoms de- 
tection edges. 

The relationship between the target pressure 

75 PTj and the actual wheel cylinder pressure (actual 
pressure) in this second embodiment is shown in 
Fig. 12. As shown in this graph, the wheel cylinder 
pressure can be controlled as desired because the 
target pressure PTj converges quickly with time on 

20 the actual pressure PRi. 

The reasons for this rapid convergence be- 
tween the target pressure PTj and the actual pres- 
sure PRi follow. 

First, if the pressurization command width DPj 

25 is set to decrease width AP1 at time t = t1 in Fig. 
12, the dump time from the decrease characteris- 
tics of the target pressure PTj will be At1. 

However, when the actual pressure PRi is less 
than the target pressure PTj, the actual pressure 

30 PRi will only drop by AP2, which is less than AP1, 
even though the pressure drop continues for At1. 
The target pressure PTj thus effectively converges 
on the actual pressure PRi because the decrease 
amount of the actual pressure PRi is only deficient 

35 by an amount equal to the difference between the 
target pressure PTj and the actual pressure PRi. 

Second, when the drop in the actual pressure 
PRi is less than the drop in the target pressure PTj 
as above, locking symptoms continue to be de- 

40 tected. As a result, the pressurization command 
width DPj is steadily increased (as absolute value) 
for even greater decrease, and the convergence is 
accelerated. 

When the second embodiment comprises 
45 on/off solenoid valves as above, the pressure de- 
tection means can be eliminated while maintaining 
control because of the exponential function defining 
the decrease characteristics of the wheel cylinder 
pressure, and this elimination of parts reduces the 
50 cost of the system. 

The third embodiment of the invention is de- 
scribed below with reference to Fig. 13. In this third 
embodiment, step #56 (Fig. 13 (A)) is inserted for 
part ® in Fig. 6, step #57 (Fig. 13 (B)) is inserted 
55 for part © in Fig. 6, and steps #58 - #64 (Fig. 13 
(C)) are inserted for part @ in Fig. 7. 

In this third embodiment the signal processor 
10 further comprises asynchronization timers 
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DMPTMRj to correct the wheel cylinder pressure 
PU for each of the left and right front wheels PO 
and P1 at the locking symptoms detection edge 
according to the time from the first locking symp- 
toms detection edge after the start of antilock brake 
control for that wheel until the wheel speed SPEEDj 
and vehicle speed VREF are again synchronized. 
Thus, when the asynchronization time is long dur- 
ing initial skidding by one of the front wheels, the 
friction coefficient of the road surface correspond- 
ing to the skidding wheel is determined to be low, 
resulting in an adjustment of that front wheel and 
the wheel cylinder pressure on the same side. 

If the synchronization flag SYFLGj is "1 " (i.e., a 
synchronization state did not exist during the pre- 
ceding control cycle) at step #11 in Fig. 6, the 
asynchronization timer DMPTMRj is incremented 
by one in step #56 (Fig. 13). If, however, the 
synchronization flag SYFLGj is "0" (i.e., a synchro- 
nization state did exist) at step #1 1 in Fig. 6, the 
asynchronization timer DMPTMRj is cleared in step 
#57 (Fig. 13). 

Then at step #59 it is determined whether a 
front or rear wheel is being processed by evaluat- 
ing the value of /. If i = 2 or 3, a rear wheel is 
being processed and the procedure advances di- 
rectly to step #21 . 

If i = 0 or 1, however, a front wheel is being 
evaluated. Then, in step #60, the detection whether 
it is in the initial skidding, or not, is checked. When 
this test is true, the procedure advances to step 
#61. 

The asynchronization timer DMPTMRj is 
checked at step #61 if a value is greater than 50 
(equal to 0.4 sec). If DMPTMRj £; 50, the road is 
determined to be an icy road (or the equivalent 
friction coefficient) at step #62, the front wheel 
cylinder pressure PLj (i = 0 or 1) is set to 20 (bar), 
and the wheel cylinder pressure PLj + 2 of the 
same-side rear wheel is set to 10 (bar). 

If DMPTMRj < 50 (step #61), the asynchroniza- 
tion timer DMPTMRj is checked at step #63 for a 
value £25 (equal to 0.2 Sec). If DMPTMRj £ 25, 
the road is determined to be a snowy road (or the 
equivalent friction coefficient) at step #64, the front 
wheel cylinder pressure PLj (i = 0 or 1) is set to 
40 (bar), and the wheel cylinder pressure PLj + 2 of 
the same-side rear wheel is set to 30 (bar). 

In this third embodiment, therefore, the target 
pressure setting means PCAU - PCAL 3 set the 
wheel cylinder pressure PLj at the first locking 
symptoms detection edge after the start of antilock 
brake control to a pressure equivalent to the pres- 
sure when locking symptoms start on a high fric- 
tion coefficient road surface, and set the wheel 
cylinder pressure at all following locking symptoms 
detection edges to the current target pressure PT i( 
thereby adjusting the wheel cylinder pressure ac- 



cording to the duration of the asynchronization 
time. 

In this third embodiment, for example, the 
wheel cylinder pressure PLj at t = a (Fig. 10) is set 

5 to 100 (bar) for PLo and PLi , and to 60 (bar) for 
PL2 and PL3. If the asynchronization time as mea- 
sured by the asynchronization timer DMPTMRj (the 
period from t = a - d) is greater than 0.2 sec, the 
front wheel cylinder pressure PL f (i = 0 or 1) is 

10 reduced to 40 (bar) and the same-side rear wheel 
cylinder pressure PLj + 2 is reduced to 30 (bar) as 
indicated by the dotted line at the moment the 
initial skid time lasts 0.2 sec 

When skidding continues and the asynch- 

75 ronization timer DMPTMRj is greater than 0.4 sec 
(shown in Fig. 10), the front wheel cylinder pres- 
sure PLj and the same-side rear wheel cylinder 
pressure PLj + 2 are then reset to 20 and 10 (bar), 
respectively. 

20 In this third embodiment, therefore, the wheel 

cylinder pressure at the first locking symptoms 
detection edge is set to a value corresponding to a 
high friction coefficient road surface without using 
any pressure detection means, and the wheel cyl- 

25 inder pressure PLj at the first locking symptoms 
detection edge is dynamically adjusted according 
to the time between the first locking symptoms 
detection edge and restoration of a asynchroniza- 
tion state between the corresponding wheel speed 

30 SPEEDj and the estimated vehicle speed VREF. As 
a result, the target pressure PTj can be controlled 
to converge more quickly to the actual wheel cyl- 
inder pressure. It is to be noted that the wheel 
cylinder pressure PLj can be dynamically adjusted 

35 according to the time between the first locking 
symptoms detection edge and the time when the 
control request REQj is set to "decrease". 

The fourth embodiment of the invention is de- 
scribed below with reference to Fig. 14. 

40 The lines and configuration of the fourth em- 

bodiment are identical to those of the first embodi- 
ment described above except for the elimination of 
the fluid pressure detection means PS 0 - PS 3 
shown in Fig. 1. 

45 With this fourth embodiment as with the first 

through third embodiments described above, the 
first steps are to calculate each wheel speed 
SPEEDj (step #1) and the estimated vehicle speed 
VREF (step #2). The third step in the fourth em- 

50 bodiment, however, is to evaluate the synchroniza- 
tion state and check for any wheel locking symp- 
toms or recovery therefrom. When it is detected 
that the detected locking symptoms detection edge 
to be the first locking symptoms detection edge, 

55 the wheel cylinder pressure PLj at the locking 
symptoms detection edge is therefore set to the 
pressure corresponding to the locking symptoms 
start pressure on a high friction coefficient road 
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surface. 

The next step (#70) is to determine whether 
the locking symptoms detected in step #3 are the 
first locking symptoms detection edge. Specifically, 
if SYTMRj > 128, the duration of the synchroniza- 5 
tion state is determined to be long enough. This is 
the same test used in the second embodiment. 

During the first skid period, the pressurization 
signal setting means OUT 0 - OUT 3 set the pres- 
surization signal S t from the wheel and vehicle w 
behavior calculated by the wheel and vehicle be- 
havior calculation means CAL (step #71). 

The procedure executed in Fig. 14 step #71 is 
shown in Fig. 15. 

The control request REQj is checked at step 15 
#75 (Fig. 15). If REQj = "decrease," step #76 is 
executed; otherwise, step #77 is evaluated. 

At step #76 the conditions requiring "rapid 
decrease" are evaluated based on equations [4] 
and [5]. If rapid decrease is required, step #78 is 20 
executed; otherwise, step #79 is executed. 

At step #78 the pressurization signal Si is set 
to "rapid decrease." When rapid decrease is re- 
quired, the pressurization signal S, is set to con- 
tinuously reduce the pressure at each control cy- 25 
cle. Specifically, the pressurization signal Sj causes 
the increase of brake pressure where the dump 
time t dump is equal to the control cycle time AT, 
and the apply time t app i y and hold time t h0 i d are 
both 0. 30 

At step #79, the pressurization signal Si is set 
to "gradual decrease." In this case the pressuriza- 
tion signal S f causes, for example, dump and hold 
to be alternately applied at each control cycle. 
Specifically, the pressurization signal Sj is set so 35 
that decrease where the dump time t dump is equal 
to the control cycle time AT and the hold where 
the hold time t app iy is equal to the control cycle 
time AT are alternated each control cycle. 

If step #75 returns NO, the control request 40 
REQj is checked at step #77 for REQj = 
"increase." If REQj is increase, step #80 is evalu- 
ated. 

At step #80 the pressurization signal Sj is set 
to the "second gradual increase." 45 

In this fourth embodiment, therefore, the pres- 
surization signal Sj is set to a rapid decrease, 
gradual decrease, or a second gradual increase 
level, and in each case the wheel cylinder pressure 
is increased, decreased, or held constant for a 50 
period equal to the control cycle time AT at each 
control cycle. 

Once the pressurization signal Sj is thus set, 
the target pressure setting means PCALo - PCAL 3 
calculate the pressurization command width DPj 55 
from the pressurization signal Sj at each control 
cycle (step #72). 
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When the current control cycle is a dump 
cycle, the pressurization command width DPj is 
calculated from the target pressure PTj using equa- 
tion [18]. 

DPj = -PTj - a [18] 

where a is a variable determined according to the 
vehicle and brake characteristics for any given tar- 
get pressure PTj. 

When the current control cycle is a apply cy- 
cle, the pressurization command width DP S is set to 
a constant A (bar) irrespective of the target pres- 
sure PTj. 

When the current control cycle is a hold cycle, 
the pressurization command width DPj is set to 0. 

After thus setting the pressurization command 
width DPj from the pressurization signal Sj and 
target pressure PTj, the target pressure setting 
means PCALo - PCAL 3 calculate the integrated 
value IDPj of the pressurization command width 
DPj and the target pressure PTj using equations 
[11] and [12] (step #73). 

The pressurization signal Sj set in step #71 is 
then output to the actuators ACT 0 - ACT 3 in step 
#8. 

If, however, it is not determined in step #70 
that this is the first skid, the pressurization com- 
mand width DPj, target pressure PTj, and pressur- 
ization signal Sj are set in steps #5, #6, and #7, 
respectively, as in the third embodiment, and the 
pressurization signal S s is then output to the ac- 
tuators ACT 0 - ACT 3 in step #8. 

In this fourth embodiment, therefore, the pres- 
surization signal Sj is set according to the wheel 
and vehicle behavior, and the pressurization com- 
mand width DPj and target pressure PTj are set 
according to the pressurization signal Sj, during the 
period from the first locking symptoms detection 
edge after the start of antilock brake control until 
synchronization of the wheel speed SPEEDj and 
estimated vehicle speed VREF is restored. 

In the embodiment shown in Fig. 14, steps 
#71 -#73 may be carried out only during the pres- 
sure decrease period in the first skid period. 

At the second and subsequent locking symp- 
toms detection edges, the current target pressure 
PTj is used as the wheel cylinder pressure PLj at 
locking symptoms detection, and the pressurization 
command width DP i( target pressure PTj, and pres- 
surization signal Sj are sequentially set as in the 
first to third embodiments above. 

It is to be noted that the pressurization signal 
Sj can be directly obtained from the wheel and 
vehicle behavior during the time between the first 
locking symptoms detection edge and the time 
when the control request REQj is set to 
"decrease". 
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Fig. 16 is a graph of the antilock brake control 
sequence according to the fourth embodiment. 

Referring to Fig. 16, time t = a corresponds to 
the first locking symptoms detection edge after the 
start of antilock brake control. The wheel cylinder 
pressure PL f at this time is set to the pressure 
when locking symptoms start on a high friction 
coefficient road surface. The synchronization flag 
SYFLGj is also set to "1 " . 

Between t = a - b, the control request REQj is 
"decrease" and the pressurization signal Sj is set 
to rapid decrease. 

Between t = b - c, the control request REQj is 
"decrease" and the pressurization signal Sj is set 
to gradual decrease. 

Between t = c - d, the control request REQj is 
"increase" but a synchronization state does not 
exist. The pressurization signal Sj is therefore set 
to the second gradual increase level. 

At t = d, synchronization of wheel speed 
SPEEDj and estimated vehicle speed VREF is re- 
stored. 

Between t = d - e, the pressurization com- 
mand width DPj is set to the rapid increase. 

Between t = e - f, the pressurization command 
width DPj is set to the first gradual increase level. 

At t = f if locking symptoms are again de- 
tected, the pressurization command width DPj, tar- 
get pressure PT i( and pressurization signal Sj are 
sequentially set as in the first embodiment above. 

During initial skidding with the fourth embodi- 
ment, therefore, the pressurization signal setting 
means OUT 0 - OUT 3 define the pressurization sig- 
nals based on the wheel and vehicle behavior, 
drive the actuators ACT 0 - ACT 3 based on the set 
pressurization signals, and the target pressure set- 
ting means PCALo - PCAL3 also calculate the pres- 
surization command width DPj from the pressuriza- 
tion signal Sj to set the target pressure PT f . As a 
result, even when the pressure that is set as the 
wheel cylinder pressure PLj at the first locking 
symptoms detection edge after the start of antilock 
brake control (i.e., the pressure when locking 
symptoms start on a high friction coefficient road 
surface) is significantly different from the wheel 
cylinder pressure when locking symptoms occur on 
the real road surface, the target pressure PTj can 
be made to quickly converge on the actual pres- 
sure PRi. 

In addition, the pressurization command width 
DPj is set from the wheel and vehicle behavior, and 
the actuators ACT 0 - ACT 3 are controlled by the 
pressurization signal Sj set according to the pres- 
surization command width DPj at the second and 
subsequent skidding occurrences in the fourth em- 
bodiment. As a result, the effects of pulsation can 
be prevented, and high precision control of the 
wheel cylinder pressure can be achieved. 



The fifth embodiment of the invention is de- 
scribed below with reference to Fig. 17. 

The lines and configuration of the fifth embodi- 
ment are identical to those of the first embodiment 
5 described above except for the elimination of the 
fluid pressure detection means PS 0 - PS 3 shown in 
Fig. 1. 

This fifth embodiment is characterized by con- 
trolling gradual increase of only the front wheel on 

10 the high friction coefficient road surface side of the 
vehicle when the vehicle is travelling with the right 
and left sides on surfaces having different coeffi- 
cients of friction. Such a road surface is referred to 
below as a "split road surface," and this control 

75 method as "split control." 

As shown in Fig. 17, the first steps in the 
control process of the fifth embodiment are to 
calculate each wheel speed SPEEDj (step #1), the 
estimated vehicle speed VREF (step #2), and in 

20 step #3 to evaluate the synchronization state and 
check for any wheel locking symptoms or recovery 
therefrom based on the wheel and vehicle behavior 
expressed by the SPEEDj and VREF values. 

Whether split control is necessary is then de- 

25 termined at step #90. 

As described above, split control is necessary 
when the friction coefficients of the road surfaces 
on the right and left sides of the vehicle are signifi- 
cantly different. This evaluation is made in this 

30 embodiment by measuring the amount of slipping 
by the right and left side wheels. If one side is 
slipping significantly more than the other, then the 
friction coefficients are determined to be signifi- 
cantly different and split control to be necessary. 

35 Specifically, for example, the left and right front 
wheel speeds SPEEDO and SPEED1 are applied in 
equation [19] to determine the split control need. 

|SPEED0 - SPEED1| £ 10 [19] 

40 

It is to be noted that the determination of split 
control need is not limited to the test in equation 
[19]. It is also possible to provide sensors to mea- 
sure the friction coefficient of the road surface on 

45 right and left sides, obtain the difference between 
the measured friction coefficients, and apply split 
control when the difference between the measured 
friction coefficients becomes very high. Alternative- 
ly, the split control can be applied when the de- 

50 crease time between the right and left wheels be- 
comes very large. 

If split control is determined necessary at step 
#90, step #91 is executed to set the pressurization 
signal S< of the front wheel on the high friction 

55 coefficient road surface side from the wheel and 
vehicle behavior and the pressurization command 
width DPj of the same wheel based on the selected 
pressurization signal Sj, and then set the pres- 

12 
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surization command width DPj of the other wheels 
(i.e., the front wheel on the low friction coefficient 
road surface and the two rear wheels) based on the 
wheel and vehicle behavior. This process is shown 
in Fig. 18. 

The control request REQj is checked at step 
#95 (Fig. 18). If REQj = "decrease," step #97 is 
executed; otherwise, step #96 is evaluated. 

At step #97 the conditions requiring "rapid 
decrease" are evaluated based on equations [4] 
and [5]. If rapid decrease is required, the pres- 
surization command width DPj is set to rapid de- 
crease at step #98; otherwise, the pressurization 
command width DPj is set to gradual decrease at 
step #99. 

Note that the specific processes used in steps 
#97, #98, and #99 are the same as those executed 
in steps #27, #28, and #29 in the first embodiment 
above. 

If step #95 returns NO, the control request 
REQj is checked for REQj = "increase" in step 
#96. If REQj = "increase," step #100 is evaluated. 

In step #100, it is determined whether the 
current wheel being processed is a front wheel on 
a high friction coefficient road surface. If it is, step 
#101 is executed; otherwise, step #102 is evalu- 
ated. 

At step #101 the pressurization signal Sj is set 
to "split gradual increase." 

In "split gradual increase," the pressurization 
signal Sj holds the hold time t ho id equal to the 
control cycle time AT for, e.g., 19 consecutive 
control cycles, and sets the apply time t ap pi y equal 
to the control cycle time AT for increase of brake 
pressure during the one following (the twentieth) 
control cycle. In other words, the pressurization 
signal Sj is set so that the wheel cylinder pressure 
is applied for only one of every twenty control 
cycles during the split gradual increase, and is held 
constant for the other 19 control cycles. 

The pressurization command width DPj is set 
in step #103 at each control cycle. Similarly to the 
fourth embodiment, when the pressurization signal 
Sj is set to "split gradual increase" in the fifth 
embodiment, either pressurization or pressure hold 
is maintained throughout the control cycle time AT 
for each control cycle. Thus, the pressurization 
command width DPj is set to a constant value A 
(bar) irrespective of the target pressure PTj during 
a pressurization control cycle, and to 0 during a 
hold control cycle. 

The conditions requiring rapid increase are 
evaluated at step #102. If the conditions are met, 
the pressurization command width DPj is set to 
rapid increase at step #104, otherwise the synchro- 
nization flag SYFLGj (= 1) is checked at step #105. 

The pressurization command width DPj is set 
for "first gradual increase" at step #106 if the 



synchronization flag SYFLGj does not equal "1" (a 
synchronization state exists) in step #105. It is 
otherwise set to for "second gradual increase" at 
step #107. 

5 It is to be noted that steps #102 to #107 above 

are the same as the corresponding steps (#30 - 
#34) in the first embodiment. Steps #108 and #109 
also correspond to steps #35 and #36 in the first 
embodiment, i.e., if the pressurization command 

w width DPj is less than a predetermined value, the 
pressurization command width DPj is reset to equal 
that predetermined value. 

The target pressure PTj is then calculated from 
equation [12] at step #92. At step #93 the pres- 

75 surization signal Sj is set as in the first embodiment 
for all wheels other than the one front wheel on the 
high friction coefficient road surface for which the 
pressurization signal Sj was already set in step 
#91. The pressurization signals Sj are then output 

20 to the actuators ACT 0 - ACT 3 in step #8. 

If, however, it is determined in step #90 that 
split control is not necessary, the pressurization 
command width DP i( target pressure PTj, and pres- 
surization signal Sj values are set in steps #5 - #7 

25 as in the first embodiment. 

As thus described, the fifth embodiment evalu- 
ates whether the front wheel is on a high friction 
coefficient road surface (step #90) only when the 
control request REQj is set to "increase." For ex- 

30 ample, when the left side of the vehicle is on a low 
friction coefficient road surface (e.g., there is ice on 
the road on that side of the vehicle) and the right 
side of the vehicle is on a high friction coefficient 
road surface (e.g., the asphalt is dry on that side), 

35 locking symptoms will first be detected in the left 
side wheels (i = 0, 2) where the friction coefficient 
is low. As a result, the wheel speeds SPEED1 and 
SPEED3 for the right side (high friction coefficient 
side) will be synchronized with the estimated ve- 

40 hide speed VREF, and the control request REQ1 
for the right front wheel will always be set to 
"increase." 

A specific example of this operation is de- 
scribed below with reference to Fig. 19. 

45 It is assumed in this graph that the left side of 

the vehicle is on a low friction coefficient road 
surface, e.g., ice or snow, and the right side is on a 
high friction coefficient surface, e.g., dry asphalt. 
Time t = a corresponds to the first locking 

so symptoms detection edge for the left front wheel (i 
= 0). Between t = a - b, the control request REQ0 
for the left front wheel is "decrease," and the 
pressurization signal So is "rapid decrease." At the 
same time, the high friction coefficient side (right) 

55 front wheel (i = 1) does not indicate any locking 
symptoms, and the pressurization signal Si is thus 
set to "split gradual increase." 
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At t = b - c, the control request REQO for the 
left front wheel is "decrease," and the pressuriza- 
tion signal So is "gradual decrease." Split gradual 
increase of the right front wheel continues. 

At t = c - d, the control request REQO for the 
left front wheel is "increase," and the pressuriza- 
tion signal So is "gradual increase." Split gradual 
increase of the right front wheel still continues. 

At t = d when recovery from the locking 
symptoms is detected in the left front wheel, the 
pressurization signal S^ of the right front wheel P1 
is set to gradual increase. Between t = d - e, the 
pressurization signal So for the left front wheel is 
set to rapid increase, and is set to first gradual 
increase after t = e. 

Thus, when there is a significant difference 
between the road surface friction coefficients on 
right and left sides of the vehicle, split control in 
which the front wheel on the high friction coefficient 
side is regulated to gradual increase. As a result, 
the effects of pressure pulsations are reduced and 
good control of the wheel cylinder pressure is 
maintained. In addition, good braking performance 
can be obtained and both vehicle stability and 
steering control can be sustained on split road 
surfaces because the drive wheel on the high fric- 
tion coefficient side for which locking symptoms 
are not detected is regulated to gradual pressuriza- 
tion. 

It is to be noted that the present invention shall 
not be limited to the embodiments described 
above, and other variations are possible. 

For example, in the first through fifth embodi- 
ments, the actuators ACT 0 - ACT 3 use on/off sole- 
noid valves as the inlet valves 3A - 3D and outlet 
valves 4A - 4D to regulate the fluid pressure in the 
wheel cylinders 2A - 2D by means of three position 
control: pressurize, depressurize, and hold. It is 
possible, however, to use mechanical valves for the 
inlet valves 3A\ 3B\ 3C\ and 3D' (Fig. 20) while 
using on/off solenoid valves as the outlet valves 4A 
- 4D. 

When mechanical inlet valves 3A' - 3D' are 
used, there are two operating fluid pressures, the 
inlet pressure PV1 and the outlet pressure PV2, 
with a spring 12 working in the same direction as 
the inlet pressure PV1. 

These mechanical inlet valves 3A' - 3D* are 
normally at position X in Fig. 20, but when the inlet 
pressure PV1 exceeds the outlet pressure PV2, 
and the differential pressure exceeds the spring 12 
strength, the valve moves to position Y and the 
fluid pressure in wheel cylinder 1 is transmitted 
through the orifice to the wheel cylinder 2 side. 

When these mechanical inlet valves 3A' - 3D* 
are used, two position control results. 

Specifically, when the on/off solenoid outlet 
valves 4A - 4D are opened, a dump state results. 



An apply state results when the valves are closed. 
There is no hold state. As a result, the speed of the 
decrease and increase cycles can only be regu- 
lated by controlling the opening and closing time of 
5 the outlet valves 4A - 4D in the device shown in 
Fig. 20. 

Furthermore, the invention shall not be limited 
to the equations [1] - [20] used for the operation of 
the first through fifth embodiments above, and the 

w equations may be modified to accommodate other 
various conditions. 

As described hereinabove, the antilock brake 
control apparatus according to the present inven- 
tion does not use a closed-loop control process 

75 due to the fluid pressure behavior and characteris- 
tics of on/off valves. By using an open-loop control 
process, the effects of pressure pulsations accom- 
panying on/off valve operation can be reduced, and 
the wheel cylinder pressure can be controlled with 

20 high precision. 

Furthermore, when the wheel cylinder pressure 
is set to a pressure level corresponding to a high 
friction coefficient road surface at the first detected 
skid without using a pressure detection means in 

25 the antilock brake control apparatus of the inven- 
tion, the cost of the antilock brake control appara- 
tus can be reduced because the pressure detection 
means can be eliminated. 

Moreover, the target pressure can be quickly 

30 converged to the real wheel cylinder pressure by 
setting the wheel cylinder pressure at the first 
locking symptoms detection edge to the pressure 
when locking symptoms start on a high friction 
coefficient road surface, and setting the wheel cyl- 

35 inder pressure at the first locking symptoms detec- 
tion edges according to the time from detection of 
the first locking symptoms until the wheel speed 
and estimated vehicle speed are again synchro- 
nized, or according to the time from the first lock- 

40 ing symptoms detection edge until a time when the 
pressure decrease detection is acquired. 

In addition, when the wheel cylinder pressure 
at the first locking symptoms detection edge is set 
to the pressure when locking symptoms start on a 

45 high friction coefficient road surface, and the pres- 
surization signal is set based on the wheel and 
vehicle behavior, the target pressure can be made 
to quickly converge on the actual pressure even 
when the difference between the real pressure and 

so the pressure that is set as the wheel cylinder 
pressure at the first locking symptoms detection 
edge is great. As a result, the time from detection 
of the first locking symptoms until the wheel speed 
and estimated vehicle speed are again synchro- 

55 nized, or the time from the first locking symptoms 
detection edge until a time when the pressure 
decrease detection is acquired, is shortened. 
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When a split road surface is detected, it is still 
possible to reduce the effects of wheel cylinder 
pressure pulsations. When locking symptoms are 
detected on a split road surface, it is also possible 
to maintain good braking performance, vehicle sta- 
bility, and good steering control by using gradual 
pressurization for the wheels on the high friction 
coefficient side. 

The invention being thus described, it will be 
obvious that the same may be varied in many 
ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the inven- 
tion, and all such modifications as would be ob- 
vious to one skilled in the art are intended to be 
included within the scope of the following claims. 

Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 

Claims 

1. An antilock brake control apparatus for adjust- 
ing the wheel cylinder pressure by means of 
actuators (ACT 0 -ACT 3 ) having on/off valves, 
said antilock brake control apparatus compris- 
ing: 

a wheel speed detection means (So -S3) for 
detecting the speed of each wheel; 

a wheel and vehicle behavior calculation 
means (CAL) for calculating the vehicle and 
wheel behavior, including at least the estimat- 
ed vehicle speed (VREF), based on the speed 
of each wheel detected by the wheel speed 
detection means; 

a locking symptoms detection means (Lo- 
L 3 ) for detecting wheel locking symptoms and 
recovery from wheel locking symptoms based 
on the wheel and vehicle behavior calculated 
by the wheel and vehicle behavior calculation 
means; 

a target pressure setting means (PCALo- 
PCAL 3 ) for setting the target pressure (PT ( ), 
which is the estimated value of the wheel cyl- 
inder pressure during antilock brake control, 
based on the wheel cylinder pressure (PLj) at 
the locking symptoms detection edge; and 

a pressurization signal setting means 
(OUT0-OUT3) for setting the pressurization sig- 
nal (Sj) used to drive the actuator based on the 
target pressure. 

2. An antilock brake control apparatus according 
to Claim 1 , wherein the target pressure setting 
means (PCAL0-PCAL3): sets the pressurization 
command width (DPj), which is the magnitude 
of the increase or decrease in the wheel cyl- 
inder pressure, at each control cycle based on 
the wheel and vehicle behavior calculated by 
the wheel and vehicle behavior calculation 



means; calculates the integrated value (IDPj) of 
the pressurization command width; and defines 
the target pressure (PTj) at each control cycle 
as the sum of the wheel cylinder pressure (PLj) 
5 at the locking symptoms detection edge and 

the integrated value (IDPj) of the pressurization 
command width. 

3. An antilock brake control apparatus according 
10 to Claim 2, wherein the pressurization signal 

setting means (OUT0-OUT3) sets the pressur- 
ization signal (S f ) based on the target pressure 
(PTj) and the pressurization command width 
(DP,). 

15 

4. An antilock brake control apparatus according 
to Claim 1, further comprising a fluid pressure 
detection means (PS0-PS3) for detecting the 
fluid pressure of each wheel cylinder, and 

20 wherein the target pressure setting means 

(PCAL0-PCAL3) sets the wheel cylinder pres- 
sure (PLj) at the locking symptoms detection 
edge as the pressure (PSNSj) detected by the 
fluid pressure detection means (PS0-PS3). 

25 

5. An antilock brake control apparatus according 
to Claim 1 , wherein the target pressure setting 
means (PCAL0-PCAL3) sets the wheel cylinder 
pressure (PLj) at the first locking symptoms 

30 detection edge to the equivalent pressure at 

which locking symptoms occur on a high fric- 
tion coefficient road surface; and sets the 
wheel cylinder pressure (PLj) at the second 
and subsequent locking symptoms detection 

35 edges to the target pressure current at that 

time. 

6. An antilock brake control apparatus according 
to Claim 5, wherein the target pressure setting 

40 means (PCALo-PCAL 3 ) adjusts the wheel cyl- 

inder pressure (PLj) at the first locking symp- 
toms detection edge according to the time 
from the first locking symptoms detection edge 
until the wheel speed and vehicle speed are 

45 again synchronized. 

7. An antilock brake control apparatus according 
to Claim 5, wherein the target pressure setting 
means (PCAU-PCAL 3 ) adjusts the wheel cyl- 

50 inder pressure (PLj) at the first locking symp- 

toms detection edge according to the time 
from the first locking symptoms detection edge 
until a time when the pressure decrease detec- 
tion is acquired. 

55 

8. An antilock brake control apparatus according 
to Claim 5, wherein the pressurization signal 
setting means (OUT0-OUT3) sets the pressur- 
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ization signal (Sj) based on the wheel and 
vehicle behavior calculated by the wheel and 
vehicle behavior calculation means (CAL) for a 
predetermined time after the start of antilock 
brake control. 



5 



pressurization command width. 



9. An antilock brake control apparatus according 
to Claim 8, wherein the target pressure setting 
means sets (PCAL0-PCAL3) the pressurization 
command width (DP,) at each control cycle 10 
from the pressurization signal set by the pres- 
surization signal setting means (OUT0-OUT3) 

for a predetermined time after the start of 
antilock brake control, calculates the integrated 
value (IDPj) of the pressurization command 75 
width; and defines the target pressure (PTj) at 
each control cycle as the sum of the wheel 
cylinder pressure (PLj) at the locking symp- 
toms detection edge and the integrated value 
(IDPj) of the pressurization command width. 20 

10. An antilock brake control apparatus according 
to Claim 8, wherein the predetermined time is 
defined as the time from the first locking 
symptoms detection edge until the wheel 25 
speed and vehicle speed are again synchro- 
nized. 

11. An antilock brake control apparatus according 

to Claim 8, wherein the predetermined time is 30 
defined as the time from the first locking 
symptoms detection edge until a time when 
the pressure decrease detection is acquired. 

12. An antilock brake control apparatus according 35 
to Claim 5, wherein the target pressure setting 
means (PCAL0-PCAL3) detects a split road 
surface, which is defined as a road surface 
where the difference between the friction co- 
efficients on right and left sides is great, and 40 
when the vehicle is thus detected to be on a 

split road surface; the pressurization signal set- 
ting means (OUT0-OUT3) sets the pressuriza- 
tion signal (Sj) of the drive wheel on the high 
friction coefficient side to a slow pressurization 45 
level for the period from the locking symptoms 
detection edge until the wheel speed and es- 
timated vehicle speed are again synchronized; 
and the target pressure setting means (PCALo- 
PCAL3) sets the pressurization command width 50 
(DPj) from the pressurization signal (Sj) set by 
the pressurization signal setting means (OUT 0 - 
OUT3); calculates the integrated value (IDPj) of 
the pressurization command width (DPj); and 
defines the target pressure (PTj) at each con- 55 
trol cycle as the sum of the wheel cylinder 
pressure (PLj) at the locking symptoms detec- 
tion edge and the integrated value (IDPj) of the 
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© Actuators includes on/off valves adjust the wheel 
cylinder pressure. Provided are wheel speed detec- 
tors (So-S 3 ) for detecting the speed of each wheel, a 
wheel speed and estimated vehicle speed calculator 
(CAL) for calculating the wheel and vehicle behavior, 
and a locking symptoms detectors (U-L 3 ) for detect- 
ing wheel locking symptoms and recovery therefrom. 
A target pressure setting means (PCAL0-PCAL3) that 
sets the target pressure, which is the estimated 
value of the wheel cylinder pressure during antilock 
brake control, based on the wheel cylinder pressure 
at the locking symptoms detection edge is also 
provided. A pressurization signal setting means 
(OUT0-OUT3) for setting the pressurization signal 
(Si) used to drive the actuators based on the target 
pressure is also provided. An antilock brake control 
apparatus reduces the effects of pressure pulsations 
caused by on/off valve operation, and thus enables 
high precision pressure control, is provided. 
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